Abstract First results on the three-dimensional wave characteristics in the daytime upper atmosphere have been derived using measurements of oxygen dayglow emissions at 557.7, 630.0, and 777.4 nm that originate at around 130, 230, and 300 km (peak of the F region). The horizontal scale sizes of gravity waves (GWs), their time periods, phase propagation angle (counterclockwise from east), and phase speeds are found to vary in the range of 27-227 km, 32-70 min, 207°-253°, and 6-76 ms
Introduction
The importance of neutral wind and wave dynamics in contributing to the day-to-day, diurnal, and seasonal behavior of the upper atmosphere is well known [e.g., Mayr et al., 1978] . Satellite-based measurements have provided a broad picture of neutral winds [e.g., Herrero et al., 1988; Shepherd et al., 1993a] which, in combination with ground-based measurements, have formed the basis for empirical wind models [e.g., Hedin et al., 1996; Drob et al., 2015] . It can be appreciated that, unlike winds which can be measured by both groundbased [e.g., Meriwether et al., 1986; Makela et al., 2013] and satellite-based platforms [e.g., Spencer et al., 1981; Shepherd et al., 1993a Shepherd et al., , 1993b Killeen et al., 2006] , neutral wave scale sizes and periodicities in the daytime can only be measured by ground-based observations of optical airglow emissions that are carried out over a large field of view (FOV). It is shown that the density fluctuations due to waves alter the reactants that produce nightglow/dayglow and thus contribute to modulations in their intensities [Teitelbaum et al., 1981; Shepherd et al., 1993b; Pallamraju et al., 2010] . While nightglow imaging has been possible to obtain wave features in two dimensions [e.g., Taylor et al., 1995; Mendillo et al., 1997; Shiokawa et al., 2009; Lakshmi Narayanan et al., 2010] , measurements during daytime, however, remain a challenge. This is essentially due to the difficulty of using two-dimensional optical imaging techniques in the daytime as direct incidence of sunlight renders the images unusable.
The nearest attempt on two-dimensional maps in the daytime was made using an azimuth and elevation mirror scanning arrangement to the dayglow photometer [Pallam Raju and Sridharan, 1998 ]; however, as the measurements were not simultaneous over a large FOV, it was not possible to obtain information on scale sizes using such method. In the present study, we have used a high spectral resolution imaging slit spectrograph in zonal and meridional directions and obtained thermospheric daytime airglow emission intensities simultaneously at multiple wavelengths over a large FOV. From this information on the dayglow intensities in the orthogonal directions, the wave features in the horizontal directions at the three altitudes of oxygen emissions have been obtained through spectral analysis. Such measurements on horizontal scale sizes (in two dimensions) have hitherto been not reported. Moreover, the measured values have been used in conjunction with the gravity wave (GW) dispersion relation [Hines, 1960] to calculate the plausible wave features in the vertical direction as well. Thus, this paper reports the first results on the three-dimensional wave characteristics at different altitudes in the daytime upper atmosphere.
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